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: 7 ABSTRACT 3 
fr i x 
; The Navy NASTRAN Systems Office at the : 
David W. Taylor Naval Ship Research and Development 
a Center assisted the Naval Surface Weapons Center, i 
i" Dahlgren Laboratory, in the structural analysis of of 
the ADP/Communications portable computer shelter. i 
The original and reinforced shelters were modeled : 
with finite elements and the analysis was carried Ps 
out using the computer program NASTRAN. The resuits 
! of the analysis showed that the average strédss in Py 
the floor of the shelter decreased 20% after the 
shelter had been reinforced. 
3 
3 
ADMINISTRATIVE INFORMATION t 
4 


This work was funded by the MAGIS office of the Naval Surface 


i 
Weapons Center. 


Ct 


INTRODUCTION 


‘Fa 


Weapons Center (NSWC) to assist in the analysis of the ADP communications 

portable computer shelter (ADP/Comm shelter). The purpose of this : 
; analysis was to evaluate the shelter's struttural strength when it ts 
| subjected to various loads as specified under its transpuxtability i | 


' 

5 

The Navy NASTRAN Systems Office, Code 1844, of tue David W. Taylor 
Naval Ship R&D Center (DITWSRDC) was requested by the Naval Surface | | 
: 

| 2 | 


+ eeetilncd 


: requirements. 
Firsc, the original shelter was analy’ed. Then NSWC reinforced the 


original shelter on the basis of the analysis results, and this modified 


shelter was analyzed anew. 
In this report the term "original" shelter refers to the shelter 
a 


weet 


design received by DINSRDC for analysis. The term "modified" or 

"reinforced" shelter refers to the shelter which resulted from modifica- 

tion of the original shelter. (The floor of the original shelter had 

already been modified when the shelter was first received by DTNSRDC.) 

. The analysis was performed by the finite element method using the 

computer program NASTRAN. 
This report describes the work performad. 
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SHELTER DESCKIPTION 


The shelter is an aluminum structure, approximately 8 feet wide by 
20 feet long by 8 feet high (see Figure 1). It is made up of wall, roof, 
and floor panels. These six panels are joined along the edges to form the 
: shelter enclosure. Figures 2, 3, and 4 show the connections between 
| panels. The framework of these panels is made of tube beams with 
| rectangular cross sections and with formed hat sections. The joists of 
the floor panel are braced with intercostals which also provide additional 
| support to the floor. The floor panel is about four inches thick and is 
covered with aluminum skins 0.04 inches thick on the underside and 0.125 
inches thick on the upper side. The roof and wall panels are about two 
inches thick and are covered with 0.04-inch thick aluminum skin. 
Approximately 1/4-inch thick wood spacers, as thermal insulation, are 
provided between the inner skin of the panel and its framework. The space 
between the skins in each panel is filled with a rigid foam insulation. 
| The shelter has a 3-ft. by 6~ft. main door located toward one end of 
one longitudinal wall and a 1.5-ft. by 6-ft. emergency door located in 
the other longitudinal wall diagonally opposite the main door. 

The shelter has skid rails under the floor, wire rope sling attach- 
ments on the roof corners for helicopter lift and for tying down the 


sheltev during rail transport, and pads and fittings at each end of the 


shelter for attachment of two-wheel trucks ("mobilizers") for road trans- 


portation. 


The ADP equipment of the shelter is attached at strong points of the 
floor and the walls. Figure 5 shows an interior view of a partially 


f 
equipped shelter. 


STRUCTURAL AND EQUIPMENT MODIFICATIONS OF THE SHELTER 


The general description of the shelter presented in the previous 
; section applies to both the original and the modified shelters considered 
in this report. They differ only in details ... deseribed in this section. 
As a result of the stress analysis of the original shelter NSWC 
strengthened the criginal shelter along corner joints and at the equipmenit 


attachment points. The modification of the corner joints can be seen in 
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Figure 2 - Floor to Wall Joint, Reinforced 
(Shaded Parts are Reinforcements) 
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Figure 3 - Roof to Wall Joint, Reinforced 
(Typical, except Roof to A/C End Wall (see 
Fig. 6). Shaded Parts are Reinforcements.) 
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Figure 4 - Wall to Wall and Unreinforced Rcof to Wall Joint 
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Figures 2 and 3; the 8 x 4 3/4 x 1/2-inch and 6 x 4 x 3/8-inch angles 
and the associat.ed 1/8-inch fille: plates are the additions (shown shaded) 


ee —< 


to the original corner joint configuration. 
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The equipment mounting points were reinforced by adding beams running 
transversely to and connected to floor joist beams and wall stud beams 
under and behind the equipment. 


In addition to structural modifications, some of the internal 


a Sa Pe ee aM 


equipment was relocated and its anchorages modified. 


These changes were accounted for in the finite element model of the 


modified shelter. 


FINITE ELEMENT MODEL 


The finite element model of the shelter was produced by modeling 
each wall, roof, and floor panel with NASTRAN plate and beam elements. 

The complete finite element shelter model as plotted by NASTAAN is shown 
in Figure 6. The plate elements and the grid points of the finite 
element model are located on the neutral plane between the inner and the 
outer skins of each panel. 

The shelter was modeled in a rectangular coordinate system with the 
origin at the point of intersection of neutral planes of the main door 
wall panel, the air conditioning (A/C) end wall panel, and the floor panel. 

The plate elements used were the NASTRAN quadrilateral QUAD]. and 
triangular TRIA1 elements. Because these elements allow separate 
specification of plate properties for bending, shear, and membrane 
actions, they can be used to model the skins. The effective thickness for 
shear and membrane action is equal to the sum of the thicknesses of the 


inner and outer skins. The bending stiffness is computed by treating the 


! 
| 
| 
' 
| 
| 


ps 21 as a sandwich plate in which the two skins are separated by foam 
insulation. 

It is assumed that the insulation between the skins prevents the skins 
from buckling but does not contribute directly to the strength of the 
panels. 

NASTRAN's beam elements, BARS, ~un between the grid points. However, 


whenever a beam end does not coincide with a grid point, NASTRAN allows 
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Figure 6 - Finite Element Model of the Shelter 


specifying the offset for that beam end from its respective grid point. 

Most of the beams of the shelter model are located at various offset 
distances from their respective grid points. Such offsets, however, do 
not show on plots done by NASTRAN plotting subroutines. Such plots show 
the BARs connecting grid points directly. 

The tie down and helicopter lift wire rope cables are modeled with 
NASTRAN ROD elements. These elements possess axial and torsional 
stiffness only. For proper simulaticn of wire ropes the use of RODs in 
the shelter model is limited to axial tension. 

The absence of bending stiffness in ROD elements made it possible to 
retain them in the finite element model even for those analyses which did 
not involve the cables. In such cases, the cables (RODs) were neutralized 
by a combination of proper boundary conditions and the absence of 
resistance in RODs in bending. 

The ability to retain the same finite element model for various 
analysis conditions means that the stiffness matrix of the model did not 
have to be computed each time the cables were rewoved or added. This is 
important in reducing the cost otf the analysis since the computation of the 
stiffness matrix 1s one of the more expensive computer operations. 

The finite element model of the original shelter consists of: 

382 grid points 
2292 degrees of freedom (before constraints) 
2210 degrees of freedom (after constraints) 
218 rectangular plate elements, QUADL 
207 triangular plate elements, TRIAI] 
808 beam elements, BAR 
8 rod elements, ROD 
and the complete finite element model of the reinforcec shelter consists of: 
384 grid points 
2304 degrees of freedom (before constraints) 
2121 degrees of freedom (after constraints) 
215 rectangular plate elements, QUAD1 
211 triangular plate elements, TRIAL 
877 beam elements, BAR 
8 rod elements, ROD 
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LOADS AND BOUNDARY CONDITIONS 


The shelter is required to withstand several kinds of dynamic loads. 
However, the normal mode analysis results indicated that these dynamic 


, conditions could be simulated by static loads as follows (see also Normal 
Mode Analysis section): 


1. The Simulated "Rail Hump" - combines 20-g vertical and 30-g horizontal 


shelter. With the vertical load acting upward, the horizontal load was 


loads. The horizontal load acts along che longitudinal dimension of the 
a allowed to act first on one end of the shelter and then on the other end, 
: to provide for the possibility that either end of the shelter might be 

i forward during a rail hump. The same two horizontal loads were applied 
with the vertical load acting downward. Thus there were four distinct 
\ cases to be analyzed. | i 
| With the vertical load in the upward direction, the shelter wus | | 
constrained at the upper four corners by tie-duwn cables (Figure 6). With 

| the load acting down, the sheiter rested on the skid rails. : 
' To resist the horizontal load the "front" lower edge of the shelter ‘ 
: rested against blocking and was prevented from overturning by the two | 
"rear" tie-down cables. 

2. The flat drop condition was simulated by a 20-y load acting downward | 
with the shelter resting on the skids. | 


3. The helicopter Lift was simulated by a 4-g Loud acting downward with 


meee Mm ems re 


the shelter suspended by sling cables attached to the four upper corners 
(Figure 6). | 


NORMAL MODE ANALYSIS 
The shelter was unalyzed for normal modes below 50 hertz. For this 
analysis the shelter was modeled as supported at the mobilizer attachment 
points to simulate the boundary conditions during ground transportation. 
The results were compared by NSWC with shelter dynamic test data us 


well as with the specified time-dependent load functions to assure adequate ; 
separation of normal and input frequencies to avoid resonance. 
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| The information thus derived helped to specify a static design load 
in place of a dynamic condition. The frequency of the fundamental mode 
of the original shelter was found to be 11.5 hertz. The vibration mode 


corresponding to this frequency is shown in Figure 7. 


7 NASTRAN OUTPUT DESCRIPTION 


Pages 18 through 33 contain samples of NASTRAN shelter analysis 
output, which consists of two parts: (1) complete listing of the input 
data, and (2) analysis results as requested. The parts are described in 


this section. 


INPUT DATA 


The input data listing is grouped as follows: 


a 
4 


a. Executive Control Deck, page 18, defines the job and the type 
of analysis to be performed as well as many other conditions and require- 
ments that a user may specify for his job. 

b. Case Control Deck, page 19, defines a subcase structure for the 
problems, selects data from the Bulk Data Deck, and requests printed, 


| punched, or plotted output. The Case Control Deck of the shelter problem 


| 
| 
| 
m contains six subcases. Each subcase specifies one of the prescribed load | 
conditions for analysis as labeled. These labels and subcase numbers in 
| the input data are used to identify the pages of analysis output. 
c. Bulk Data Deck, beginning on page 20, 18 the primary NASTRAN 
input. This deck defines the structural model and various pools of data 
which may be selected by case control at execution time. 


The shelter structure and the data for analyzing it are specified | 


requirements of the data cards, see the NASTRAN Users' Manual.* | 


CBA’ gives the grid point connections for the beam element, BAR, with 


i 
by the following alphabetically listed cards. For the specific format and 
axial, bending, torsional, and shear stiffness. 


7 "The NASTRAN Users' Manual," NASA SP-222 (03), National Aeronautics and 


\ 
CONM2 concentrated mass used to represent the mass of internal equipment. | 
Space Administration, Washington, D.C. (1976). } 
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Figure 7 — Fundamental Vibration Mode of the Shelter 


CQUAD1l connections for rectangular plate elements that represent the 
two skins on the panels. 


CQUAD2 connections for rectangular plate elements used to represent 


panels. 

CRIGDL defines rigid connections between internal compon*nts of the 

[- shelter. 

CRIGD2 rigid connections that represent mounting of the two doors by 
hinges und latches. 

CROD connections for rod elements that are given only axial stiffness. 
Used to represent tie-down and iift cables. 

CTRIAL connections for triangular plate elements that represent the two 


eking. 

DEFORM defines an initial deformation. Used to represent prestress in 
the tie-down cables. 

EIGR specifies the range of natural frequencies to be computed. 

GRAV specifies gravity type loads tc represent the various types of 
loads on the shelter. 

GRID defines the identification number of a grid point and apadcifies 
idtw coordinaLles. 

LOAD defines combinatioas of the gravity loads given on the GRAV 
cards that represent the various loads applied to the ghalter. 


MATL specifies structural material proportias. 
MPC defines a linear equation between specified degreus of freadom, 

PBAR defines beam properties for the BAR elements. 

PQUADL, | 
PQUAD2,? define plute properties for the QUADL, QUAD2, TRIA] claments,. 

PTRIAL 
PROD defines properties for the Ki alemenc. 


SEQGP Input data was produced by BANDIT, a program that is a pre- 
processor to NASTRAN. BANDIT resequences the original numbering 
of grid points to minimiz’ watrix solution time, page 25. 


S$Pcl 


SPCADD | define boundary conditions. 
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ANALYSIS RESULTS 
Samplas of shelter analysis output data are shown on pages 27-33. 
' Each page of the output is identified by the subcase label and the subcause 
nuober . 


a. Displacement Vector, page 27, shows displacements of each grid 


point under the loading specified in the subcase shown at the top of the 
pege. TL,2, and V3 are translations, in inches, along the x-, y-, and 


waxes, renpectively., R1,R2, and R3 are rotations, in radians, about the 
x-, yo, and z-axes, respectively. 
b. Load Vector, page 28, shows the loads at euch geld point 
resulting from the applied gravity action. T1,T2, and T3 are loads acting 
along the x=, y+, and z-axes, respectively. R1,R2, and R3 are moments 
actdag about the x=, y~, and z-axes, respectively. 
c. Foreas of Single-Polnt Constraint, page 29, show force reactlons 
oi the constrained grid points, T1,T2, and T3 ure furce reactions acting 
along tha x*, y=, and zeaxes, respectivaly. RL,R2, and R3 are moment 
reactions acting about the x-, y~, and zeaxes, respectively. 
gd. Stregyes in Bar Klements (BAR), page 32. NASTRAN provides for 
obtalning satrenges at up to four potnts on the and crosu<seetion of a bar 
@lement. The firwt column dn this output gives element LD number. The 
next four columns show the stresses at the eight specified puduts for each 
bar element arranged as follows: 


SAL = Stress @ und A, point #1. i 

4: SBL - Stress @ end B, point Al, . 
| 0.0 

+ 0.0 ( 

ete. 


The afxth column shows the axial stress. The last two columns give 
maximum aad minimum stresses at ends A and B. These stresses are obtalne| 
by adding the axial stress (col. 6) and the maximum positive bending stress ; 
at one of eight specified points to produce "MAX.", and the axial stress . 
plus the highest negative bending stress for "MIN.". : 
e. Stresses in General Quadrilateral Klements (QUAD1), page 33. 


Columns 3, 4, and 5 show stresses in plute elements in the element 


ai 
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coordinate system. The plate element ccordinate system in NASTRAN is 
established on CQUAD and CTRIA cards as follows: the origin is at the 
first grid point listed on the card. The x-axis goes through the second 
listed point. The y- and z~axes are then added according to the right- 
hand rule. Columns 6, 7, 8, and 9 show principal stresses as computed 
from the stresses in columns 3, 4, and 5. QUADI1 element ID numbers are 
listed in Column 1. Column 2 shows the distance from the neutral plane 

to the fibers at which the stress was requested. The fiber distance is in 


the element coordinate system, 


RESULTS OF THE ANALYSIS 


After the original shelter was modeled and analyzed, it was rein- 
forced and the internal equipment and its supports were rearranged. The 
analysis process was then repeated on the modified shelter, 

The reinforcements consistad mainly of additional floor and wall 
beams for equipment mounting and strengthened joints between the floor and 
the walls. 

The finite element model was changed to reflect these modifications 
in the shelter and equipment configurution. Thase reinforcements changed 
the original finite element model by the shelter guffici-ntly to preclude 
uccurute point<-by-point comparison of stresses between the two shelters. 
However, for un analysis of u rail hump--the most severe of the tests-~the 
averuge of the stresses in the juternal floor baams was computed and found 
to decrease by 20% after reinforcements to the shelter were incorporated 


in the finite element model. 
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DISTRIBUTION LIST 


Copies: 
10 NSWC 
1 Code F10 
6 Code Fll 
3. Code K21 
12 DDC 


DTNSRDC DIST: 


1 1800 G.H. Gleissner 
2 1809.3 D. Harris 
1 1840 H.J. Lugt 
1 1843 J.W. Schot 
3 1844 S.K. Dhir 
S. Wybraniec 
M.E. Golden 
1844 P. Matula 
1844 E.A. Schroeder 
522.1 Unclassified Lib (C) 
522.2 Unclassified Lib (A) 
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DTNSRDC ISSUES THREE TYPES OF REPORTS 


: 1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH: 
: NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF 
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT. 


\ 2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM. 
; INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE. 
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION, 


3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION 
OF LIMITED USE AND INTEREST, THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN- 
TERNAL USE, THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE 
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC 


: _— MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE 

BASIS. 
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